The calmodulin hypothesis of neurotransmission.
Ca2+ plays a major role in neurotransmission and synaptic modulation. Evidence is presented to support the calmodulin hypothesis of neurotransmission developed in this laboratory stating that calmodulin, a major Ca2+ binding protein in brain, mediates the effects of Ca2+ on neurotransmission. Calmodulin was isolated from highly enriched preparations of synaptic vesicles and nerve terminal cytoplasm. Ca2+ and calmodulin were shown to regulate several synaptic processes in isolated and intact preparations, including endogenous synaptic Ca2+-calmodulin protein kinase activity, neurotransmitter release, and synaptic vesicle and synaptic membrane interactions. Ca2+ and calmodulin were shown to activate a synaptic tubulin kinase system which was shown to be a distinct enzyme system from the cyclic AMP protein kinase. Ca2+ and calmodulin stimulated phosphorylation of tubulin altered the properties of tubulin, forming insoluble tubulin fibrils. Evidence for the role of Ca2+-calmodulin kinase activity, especially the calmodulin-tubulin kinase, in neurotransmission are presented. The effects of several neuroactive drugs on the synaptic calmodulin system are presented. The results support the hypothesis that calmodulin mediates many of calcium's actions at the synapse, and that the effects of Ca2+ on synaptic protein phosphorylation, especially synaptic tubulin, may provide a biochemical mechanism for converting the Ca2+ signal into a motor force in the process of neurotransmission.